The presence of marker chromosomes in the human karyotype always requires a special diagnostic approach. Determination of the marker chromosome type and structure is of great diagnostic and prognostic importance. There are several methods of marker chromosomes identification, which differ in their informative value. The paper presents the results of cytogenetic and FISH diagnostics of supernumerical marker chromosomes (SMC) in patients' karyotype. Aim. To analyze the results of the cytogenetic and molecular cytogenetic diagnostics for patients with marker chromosomes, and to evaluate and compare the efficiency of the methods used. Methods. Karyotyping was done according to the standard methods. GTG, CBG, QFQ and NOR-Ag methods of differential staining were used. FISH was performed according to the manufacturer's instructions for CEP, LSI and WCP DNA-probes. Results. Marker chromosome was found in 15 of 7989 patients. Application of standard staining methods was effective in 66.6 % of cases. Combination of differential staining and FISH allowed identifying a marker chromosome in 83.3 %. 90 % of all marker chromosomes were identified as isochromosomes and 60 % of them were derivative from chromosome 15. Conclusions. The use of WCP probes is a main step in the marker chromosome identification with further application of CEP/LSI probes. If a marker chromosome has nonspecific DNA sequences more sensitive methods should be used.
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The overall frequency distribution of supernumerical marker chromosomes (SMC) ranges from 0.65 to 1.5 in 1000 according to the published data [1] . The risk of having a child with abnormalities for the carriers of marker chromosomes depends on the group of chromosomes involved in the SMC formation, cellular mosaicism, and the euchromatin sequences presence. The most common SMC arise from acrocentric chromosomes (about 80 %), about 60 % of which are chromosome 15 derivatives [2] . The study was aimed at comparing and evaluating several classical cytogenetics and fluorescence in situ hybridization (FISH) methods of identifying the small supernumerical marker chromosomes.
Materials and Methods

Cultivation methods
Cytogenetic diagnosis was performed on the metaphase chromosomes samples of human peripheral blood lymphocytes. Cultivation of lymphocytes was carried out by the semi-micro method followed by application of metaphase chromosomes preparation standard protocols [3] . 5 
Staining method
A number of differential staining techniques were used for cytogenetic analysis of lymphocyte metaphase plates: GTG (G-bands by trypsin using Giemsa), CBG (C-bands by barium hydroxide using Giemsa), QFQ (Q-bands by fluorescence using quinacrine), NOR -Ag (Nuclear Organizer Region staining by AgNo 3 ) [4] . The coding system consists of three letters, and usually includes the main method of painting, chromosome pretreatment agent and name of the dye. Results and Discussion 7989 patients had been tested during the period from 2012 to 2015. SMC were found in 15 patients. The rate of 1.8 per 1,000 cases is consistent with the literature [6] . 7 of these karyotypes were mosaic (53 %) and SMC were detected in 3 children aged from 1 to 3 years who underwent cytogenetic diagnostics with indications: delayed physical and mental development, muscle hypotonia, embryogenesis stigmas.
To clarify the composition and origin of SMC, an additional methods CBG, QFQ, NOR-Ag and FISH were applied after identifying marker chromosome by GTG.
Use of CBG, QFQ, NOR-Ag was justified in 10 cases (66.6 %) whereas 5 cases (33.3 %) did not give positive results. The panels of LSI and CEP DNA probes were used in 12 cases on the basis of the preliminary results of GTG, CBG, QFQ, NOR-Ag staining. This combination of techniques allowed determining the nature of SMC in 10 patients (83.3 %). Identification of a marker chromosome by FISH using CEP, LSI and WCP probes failed in two cases. For 3 patients FISH was not performed due to the lack of the necessary amount of material.
WCP probes were used to confirm the positive results obtained by FISH with CEP and LSI probes in 4 cases. The results of the WCP study have matched with the previously obtained results of FISH with CEP and LSI probes: the origin of SMC was confirmed in 2 cases whereas in 2 cases the SMC origin remained undefined. A cross-hybridization between SMC and short arms of D and G chromosome groups was observed. This indicates nonspecific heterochromatin sequences in the SMC composition.
Morphologically isochromosomes accounted for 90 % of all identified SMC. 2 of them (20%) were identified as pseudoisodicentric marker chromosome (Fig. 1) .
In 6 (60 %) of the identified SMC cases the revealed marker chromosome was derived from chromosome 15 and in 4 (40%) cases SMC were defined as the derivative of chromosome Y (Fig. 2) (Tab.1). 
1.
2. 3. In most cases identified isodicentric chromosomes consisted of two copies of the chromosome 15 short arm, which were in inverted orientation, marked as «inv dup (15)». Detailed analysis of inv dup (15) showed that this type of SMC usually kept two centromeres one of which was inactive [7] . In some cases, the material between two centromeres contained chromosome 15 euchromatin of various lengths. In 5 patients there were no euchromatin areas between the two centromeres according to FISH results.
As have been previously shown [8] , the clinical manifestation of SMC derived from the chromosome 15 presence in karyotype may be associated with four phenotypes: normal phenotype, syndrome inv dup (15) and Prader-Willi/Anhelman syndrome.
Therefore, the presence of SMC in patient's karyotype is a serious indication for the whole family examination:
─ to identify SMC by aforementioned methods and if necessary, more sensitive methods like CGH (Comparative Genomic Hybridization, array CGH, chromosome microdissection and rFISH etc.); ─ to determine the fact of SMC inheritance or the occurrence of SMC de novo; ─ to exclude tissue mosaicism and uniparental disomy [9] ; ─ family genetic counseling, especially for the carriers of SMCs who are treated by assisted reproductive technologies.
Conclusions
The methods of differential chromosome staining such as GTG, CBG, QFQ, NORD-Ag are the first and the most important step in the diagnosis of SMC cases.
The results of initial study determine the course of the further analysis. In the case if SMC are supernumerical isochromosomes, or when the Y chromosome normal copy is absent, it is advised to use at first the CEP 15 and CEP Y DNA probes, which identify SMC with efficiency of 83.3 %.
The WCP probes may be applied either immediately after GTG analysis, or when the CEP FISH tests do not show positive results. If SMC consist of nonspecific sequences of heterochromatin, applying the WCP probes will be ineffective. The more sensitive methods like CGH/arrayCGH should be recommended in such cases. Наявність маркерних хромосом в каріотипі людини завжди ви-магає особливого діагностичного підходу. Визначення типу і структури маркерної хромосоми має велике діагностичне і прогностичне значення. Існує кілька методів ідентифікації маркерних хромосом, але різні методи мають різний рівень ін-формативності. В роботі наведені результати цитогенетичної та FISH діагностики випадків із надчисельними маркерними хромосомами в каріотипі пацієнтів. Мета. Аналіз результатів цитогенетичних і молекулярно-цитогенетичних досліджень каріотипів пацієнтів з маркерними хромосомами, а також оцін-
